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Abstract
Acetone dried powder of anterior lobe of cattle pitui­
tary, containing 50 H. 0. of gonadotropic potency per ga*# 
was given to 3 dairy calves over a period of 19 days* The 
total dosages given were: 3.4 ga, to a 3*5 month old Jersey,
5 gm* to a 6*5 month old Jersey and 7.E gm. to a 6.5 month 
old Holstein* Slight :mammary gland enlargement was observed 
in the 6*5 month old Jersey calf* Wo apparent udder enlarge­
ment occurred in the other £ calves*
A total of 18 mg. of the same pituitary preparation was 
given to a 34 month old barren Jersey heifer over a period 
of 17 days* Bo apparent mammary gland enlargement occurred, 
but 4 large corpora lutea were found by rectal palpation 
ZB days after the last injection* Milking was begun 6 days 
after the first inject!cm* The daily milk volume was 0.41 lb. 
at the time injection with the synthetic estrogen, diethyl­
stilbestrol dipropionate, was begun. Subsequent treatment 
of this animal with 10 alternate daily b mg. injections of 
diethylstilbestrol dipropionat© was followed by rapid udder 
enlargement and an increase in milk volume to 4*5 lb.
During the lE-day period that followed thmtlast injection 
of this estrogen the daily milk volume increased to 11*5 lb. 
Lactation continued at a level of IE lb. per day with a 
fat content of 7 per cent until the heifer was dried off 
3 months after the last injection.
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Another experiment with this animal was begun in order 
to determine the extent of mammary development that could b® 
obtained by injections of diethylstilbestrol dipropionat© 
alone* Alternate daily 5 mg* injections of this hormone were 
begun 130 days after the end of the first lactation period *
The animal came in heat but no mammary gland enlargement 
occurred* Doses were increased to 10 mg. after the twenty- 
third injection and continued at this level for 80 days*
Two days after the first 10 mg* injection heat reaction© ceased 
and slight udder enlargement followed during the next 10 
days* Then the udder increased in size rapidly for a period 
of 10 days. After this short period of rapid enlargement 
the udder became flaccid and showed no further increase in 
size* When B0 mg* injections were begun in 3 alternate dally 
doses the udder remained flaccid* Milking was begun, roar­
ing the first 25 days of lactation milk volume increased 
from 0*41 lb. to 3.7 lb. At this time alternate dally 5 mg. 
injections of estrogen were begun. The daily volume increased 
to 8.1 lb. during the first 25-day period of treatment.
Injection of a 22 month old castrate grade Jersey heifer 
on each alternate day with 5 to 10 mg. doses of diethylstil­
bestrol dipropionate over a 2-month period produced consider­
able udder enlargement. Simultaneous inject!on of 5 to 30 
mg. of this estrogen and 1 to 5 mg. of testosterone propionate 
were then given in alternate daily doses over a period of 
83 days. The most rapid increase in size of the udder
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occurred when simultaneous injections of 5 mg. of diethyl­
stilbestrol dipropionate and 1 mg. of testosterone propio­
nate were given. Doses exceeding 40 mg. of diethylstil­
bestrol dipropionate and 10 mg. of testosterone propionate 
produced little further enlargement. A flaccid condition 
of the udder followed treatment with 7b mg. of the estrogen 
alone. At the end of a 9-month period in which 1530 mg. of 
the estrogen and 536 mg. of the androgen were given, milking 
was begun. The rate of milk secretion Increased in 53 days 
from 0.41 lb. to 8.6 lb. From this time , daily milk pro­
duction remained constant for 36 days. A total of 110 mg. 
of diethylstilbestrol dipropionate was then given In alter­
nate daily 10 mg. injections. Milk production increased to 
10 lb. during the first 15 days of this treatment, and then 
declined to the pre-injection level by the third day after 
the last injection. A marked increase in production began 
36 days after the last injection. Within 18 days the daily 
yield was 53 per cent greater than it had been at any previous 
period. After a El-day period of milk production at a con­
stant level of 13.6 lbs. alternate daily 10 mg. injections 
of diethylstilbestrol dipropionate were begun. By the sixth 
day after the first injection the dally production had In­
creased to 15.1 lb. Continued injections were followed by 
a decline to 13.9 lb. Ten days later the dally milk volume 
nad Increased to 16 lb.
Four pre-pubertal kids were castrated 38 days before 
injections were begun. Goat 1 was given diethylstilbestrol
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dipropionat©; goat 2, testosterone propionate; goat 3, three 
parts of the estrogen to 1 part of the androgen; goat 4, 
three parts of the estrogen to 1 part of progesterone * Injec­
tions were made on each alternate day* Treatment with 1 mg. 
doses over a period of 46 days induced slight udder growth 
ia goats 1,3 sad 4* The dosage of each ho m o m  was then 
doubled. The udder of goat 1 became flaccid, and the udder 
of goat 6 increased in size. After S3 days of treatment 
with 3 mg. doses, 1.3 mg. injections were begun. Since these 
injections induced no further udder enlargement over a period 
of 36 days, injections were stopped.
Diethylstilbestrol dipropionate was given in 0.2 mg* and 
1 mg. doses to castrate and intact Instating rats, whose 
litters had been reduced to 6 at parturition. Injections 
were given dally from the second to the twentieth day after 
parturition. The average growth rate of the young was used 
as the measure of the rate of lactation.
The average growth rate of the young of all treated 
mothers exceeded that of the controls during the second day 
of the injection period. After the second day of treat­
ment the young whose mothers were left Intact and were given 
either large or small doses of estrogen, gained weight less 
rapidly than the sucklings of noncastrate controls. On the 
contrary the rapid growth rate was continued for 6 days in th© 
young of the castrate mothers which were given 1 mg., and for 
12 days in the litters with castrate mothers which were given
0.2 mg. The suppression of lactation was m\ich more pronounced 
in intact than in castrate animals.
XHTRODUGTIOH
Induction of mammary development with various substances 
lias been demonstrated fey several Investigators* Allen t 
Francis, Robertson and Colgate at the University of Missouri* 
and Doisy, Kouutss and Gibson at St. I,oui© University (1934} 
reported growth of mammary ducts In mice treated with ovarian 
extracts* lather extensive growth of alveoli was noted in 
the monkey following treatment with a similar preparation 
fey Turner and Allen (1933). Turner and Qomas. (19S4) induced 
duct and alveolar development in the guinea pig with estro­
gen* MacDonald (1936} reported practically no growth of 
acini when continued injections of estrogen were given to 
young male rabbita.
According to de Fremery (1936) external application of
10,000 I. 0** of estradiol benzoate on the udders of immature 
goats produced mammary growth* The type or extent of develop­
ment was not described. Van Heuverswyn, Foilsy and Gardner 
(1939) found that a 0.2 mg. dose of diethylstilbeatrol pro­
duced more pronounced mammary development than a £ mg. dose 
in young male mice. Gardner (1941) reported nearly complete 
inhibition of mammary growth in male mice given weekly injec­
tions of feQ gamma of estradiol dipropionat©. A similar inhibi­
tion of the mammary glands of immature female monkeys and one
1. An iht©rustional unit (X* U.) i® the specific estrus- 
induciug activity of 0.0001 mg.
1
male monkey was show when 1 to 2 mg. of estradiol b@07.0at© 
were injected weekly for 31 to 36 weeks. Gardner and van 
Uagenea (1933) found that treatment of an immature castrate 
female monkey with 136,000 X. U* of hydro©strin benzoate 
over a period of SI.5 weeks produced complete memmary gland 
development• It was found that more than B2 weeks were re­
quired for complete mammary gland development in young male 
monkeys given tne same treatment. The time factor in breast 
development of the monkey was emphasized.
The duct and alveolar system of the rabbit was developed 
with simultaneous injections of estrogen an ft progesterone by 
Turner and Frank (1932). Gardner &M Hill (1936) reported 
duct growth in mice treated with 0.1 Corner-Alien unit2 of 
progestin daily for 14 days. Selye (1940) observed exten­
sive growth of acini in mature avari©atomized rats when 
15 mg. of progesterone were given for 10 days.
Selye, Mo^uen and Collip (1936 found that daily 0.2 mg. 
doses of testosterone benzoate for 23 days induced slight 
acinar tissue development in the female rat 23 days of age. 
Astwood, Oeschiektsr and Rausch (1937) showed that testo­
sterone stimulates lobule growth In immature male or castrate 
female rats. By treatment of mature ovarl©eternized rat® with 
testosterone propionate Reece and t:ixner (1939) stimulated
2. A Comer-Alien unit is the minimal amount of an extract 
wnich, given in t> daily dose® subcutaneously to a 3 to 
4 kg. female rabbit castrated 13 hours post coitum, will 
produce in the uterus a progestational effect similar to 
that of the eighth day of pregnancy.
3the formation of well developed alveoli*
Harness and Turner (193?) presented the results of 
numerous experiments related to the Influence of hypophy­
seal secretions on magmary gland activity in laboratory 
animals. These results showed that daily implants of rat 
pltultaries for SO days from donors previously injected with 
100 1. TJ. of estrogen each day for 10 to SO days brought 
about proliferation of the lobule-alveolar system of tbs 
mammary glands in normal and castrate male and female guinea 
pigs from which the hypophysis had been removed. These 
investigators advanced the theory that growth of the mammary 
glanc is under the direct influence of on© or more specific 
Mssogeaic hormones of the pituitary which require ovarian 
hormone stimulation to bring about their secretion. Ho 
maaraary development was produced in hypophysectomlz©d animals 
when extracts containing thyrotropin, lactogen and adreno- 
tropin were administered with injections of estrogen and 
progesterone. Although ovarian hormone injections failed to 
induce mammary growth after removal of the pituitary, the 
mucosa of the genital tract proliferated normally. These 
results wore interpreted as further evidence that the hor­
mones of the ovary produce their effect upon the mammary 
tissue indirectly by way of the pituitary. It was later 
shown by Gomez and Turner (1938) that development of the 
duct and lobule-alveolar systems of the mammary glands in 
castrate rabbits and rat© could b© accomplished fey fresh
or fey acetom  dried anterior pituitaries from pregnant 
cattle. Solye (1940) found tnat 10 mg, doses of crystalline 
progesterone induced complete mammary development in intact 
rats feut fead no effect on tfee mammary glands of feypopfey* 
sect ami zed animals.
ffee effect of a lactogenic principle upon lactation 
was reported by Stricter and Grueter (19£&) wfean an increase 
in milk volume was obtained in normal and low producing cows 
witfe Injections of anterior pituitary extract. Asdell (1951) 
brougfet about lactation in a young goat, wfeicfe ted not been 
in neat, fey treatment witfe alkaline extract of tfea anterior 
lose of cattle pituitary. Yiitfe a purified pituitary extract 
containing lactogen, Catofepole, Lyon® and Regan (1934) in­
duced 500 cc. of milk per day in a 15 moatfe old Holstein 
feeifer. Manipulation or tft' udder in control feeifers failed 
to produce more tnan a few cc. of milk. Evans (1933) using 
an alkalis© extract of the anterior pituitary produced 
copious lactation ia tferee virgin goats and in on© dry 
goat. Later Svans (1934) induced lactation in virgin cows 
and dogs witfe a similar extract. A maximum of lb pounds of 
milk per day was produced in one cow. slates and Stanley 
(193b) brougfet about lactation ia a dry and open multi- 
parous deer fey intramuscular injection of acetone dried 
anterior pituitary from cattle. Asimoff and Krauze (195?) 
gave 6 grams equivalent of crude extract from fresfe cattle 
pituitaries to cows in all stages of pregnancy a m  lactation.
Some cows failed to show aay response while others exhibited 
as much as a &0 per coax, increase in mi lie volume« Asdell, 
Brooks, Salisbury and Sei&aastein (1936) reported that 
injections of extract® containing lactogen did not increase 
production above the maximum provided by the growth of the 
gland in the Instating goat*
Response to the lactogenic hormone has been reported 
as negative or very slight in the rat and the mouse by 
Turner and Shultze (1931)* Reece (1939 a} found that lacto­
gen was more effective in initiating lactation in pseudo­
pregnant rats if adrenal cortical extract was injected at 
the same time* It was suggested that the failure of the 
lactogenic principle to stimulate milk secretion In the 
pseudopregnant rat may be due to a deficiency of the adrenal 
cortex*
Several investigators have shown that estrogens have 
an inhibitory effect on lactation when given in large doses. 
De Jongh (1933) found that injections of &50 M* TJ. of estro­
gen in oil twice dally into four Isolating rats caused death 
of a majority of the young. Bacsieh and Folley (1939) 
treated Intact and ovari©atomized rats with 1 mg. of estra­
diol monobenzoate for ZZ days. Although inhibition of 
lactation occurred in all eases, histological examination 
of the mammary tissue showed little or no indication of 
involution* De fremery (1934) gave EOQpuo I. D. of estro­
gen to a laelating goat and produced a rapid decline in
6milk volume* Watensam, Freud and a® Jongh (1936) reduced 
the yield of milk ia cattle by rubbing the udder with oil 
containing 400,000 1. tJ. of estradiol benzoate. Folley (1936) 
reported a temporary decline of milk yield in three laelat­
ing cows after injection, of large doses of estrogen.
The observation that estrogens are excreted In large 
amounts during the latter part of pregnancy m s  used by 
kelson (1934) in support of the hypothesis that these hor­
mones suppress the release of lactogen from the pituitary.
The experimental evidence given by Kelson in favor of this 
view was obtained chiefly with guinea pigs. This hypothesis 
does not adequately explain numerous observations in forms 
other than the guinea pig. In many species such as the 
mouse, rat, rabbit, goat, cow and man pregnancy may occur 
shortly after parturition. Lactation may continue in suffi­
cient amount in these animals to raise the young In advanced 
pregnancy.
Selye (1940) showed that 10 mg* of progesterone given 
daily to castrate female rats for SO days caused raarked pro­
liferation of acinous tissue ©f the mammary gland© but 
failed to induce secretion. Histological examination showed 
that the parenchyma of the mammary gland was extremely com­
pact and the acinar arrangement of the cells was hardly 
visible because the lumen was collapsed and practically absent 
in most eases. The mammary gland of castrate female rats 
receiving £00 gamma of estradiol dally, showed milk in the
7acini on the tenth day of treatment* Mo milk was seen in the 
alveoli of animals given the same amount of estradiol in 
combination with 15 mg* of progesterone per day* These 
observations suggested that progesterone not only fails to 
stimulate lactation but actually suppresses it, perhaps 
because It inhibits lactogen formation*
Robson (195?) found that 0*5 mg * of testos terone per 
day given over a period of three days inhibited lactation 
in mice although suckling and maternal behavior were not 
affected.
In a study of the lactogen content of the rat pitui­
tary Reece and Turner {1937) found the greatest concentra­
tion of lactogen in glands removed shortly after parturition. 
During pregnancy the lactogen content of the pituitary did 
not exceed the amount found in the gland of the estrous 
female. The pro-pubertal female rat pitultaries contained 
two to three times more lactogen than was found in the 
hypophyses from males of the same body weight* Reece (1939} 
found that the lactogen content of the guinea pig pituitary 
is lower in die strum titan in ©strum* It was also found 
that the lactogen contont of the pituitary Increases during 
pregnancy and the early period of lactation. Reece and 
tinier (1939) induced an increase of lactogen in the hypo­
physis of mature castrate rata by injections of either estro­
gens or androgens. The lactogen content of the pituitary of 
various classes of cattle has been reported by Bates, Riddle,
and La hr (193?)* The most striking observation was the high 
content in embryonic and fetal pituitaries. Beeee and Turn©r 
(1937) made an extensive study of the lactogen content of 
cattle pituitaries. It was reported that fetal pituitaries 
had the lowest lactogen content. The pituitaries from fetuses 
contained about one-sixth as much lactogen as calf pituitaries. 
About 86 per cent more lactogen was found in pituitaries from 
d to 10 month old bulla and heifers than in calf glands. The 
pituitaries of sexually mature heifers contained 58 per cent 
more lactogen per unit weight than steers of similar age and 
70 per cent more than immature heifers. The comparison of 
the pituitary glands of dairy and beef cattle is especially 
significant. The hypophyses from laetating and open dairy 
cattle contained 69 per cent more lactogen per unit weight 
of anterior lobe tissue than did glands from lacbating and 
open beef cattle; lactating and pregnant dairy cattle 73 per 
cent more; dry and open dairy cattle 78 per cent more; and 
dry and pregnant dairy cattle 37 per cent more than the 
corresponding classes of beef cattle.
Numerous reports exist in th© literature indicating: that 
the combined action of estrogen and progestin is necessary 
for the development of the mammary gland in a manner similar 
to the normal development during the first half of pregnancy. 
However, it has been shown that complete development of the 
lobule-alveolar system in the monkey end guinea pig is 
induced by Injection of estrogen alone. Nelson (1936)
9reported that the ovarian hormones which are present in 
large quantities during pregnancy, are responsiblefbr mam­
mary gland proliferation, but inhibit the secretion and 
action of the lactogenic hormone* Turner (1939) reported 
that mammary gland development during pregnancy may b© divi­
ded into £ phases* The proliferative phase during the first 
half of pregnancy is characterized by the rapid growth of 
the lobules* During the second half of pregnancy the epi­
thelial cells bordering the alveoli of the lobules gradually 
enlarge and begin to secrete fluid into the lumina of the 
alveoli. Turner (1933) reported that the rat© of estrogen 
excretion in cattle increases rapidly during the second half 
of pregnancy*
These observations indicate that a low titra of estro­
gen induces mammary gland proliferation and a higher titre 
brings about secretion in the alveolar cells.
In this study experiments were designed in order to 
produce the titres of estrogen necessary to bring about: 
first, mammary gland proliferation; second, secretion in the 
alveolar cells; third, suppression of lactation. Selys, 
McSuen and Collip (1936) reported slight acinar develop­
ment in the mammary gland of rats injected with testos­
terone benzoate* The similarity in mammogenic effect of 
testosterone together with its close relation in chemical 
structure to progesterone suggested the use of testosterone 
propionate in combination with estrogen to bring about
10
growth of the mammary gland as complete as that found at 
mid-pregnancy* Acetone dried anterior lobe of cattle 
pituitary was used in order to increase the amount of secre­
tion of the ovaries to. a level that would bring about com­
plete growth of the mammary gland.
Materials and Methods
The cattle pituitaries used In these experiments were 
collected at the Baton Bouge Abattoir and dried in acetone. 
After superficial connective tissue had been removed the 
anterior lobes were dried at 35 degrees centigrade and 
ground to a powder that would sift through an eighty gauge 
mesh wire screen. The powder was stored In a refrigerator.
The gonadotropic potency of the anterior lob© material was 
assayed in 21-day female albino rats of the Wistar stock 
weighing 30 grams or more. Each dose of pituitary powder was 
weighed on an analytical balance to an accuracy of 0.1 mg., 
placed In a vial, and suspended in distilled water.
Sesame oil was used as the medium for administration 
of diethylstilbestrol diproplonate^, progesterone2 and 
testosterone propionate?.
All Injections were subcutaneous. After each treatment 
in the experimental animal, the site of injection was massaged 
thoroughly to facilitate absorption. This procedure was 
adopted after observation that anterior pituitary powder and 
sesame oil frequently form fluid-filled pocket© at the point 
of injection.
1. Stilbestryl dipropionat© contributed by The Lakeside 
Laboratories, Inc., Milwaukee, Wisconsin
2. Progestone contributed by 0. V/. Camrick Co., Newark,
New Jersey
3. 0reton contributed by Sobering Corporation, Bloomfield,
New Jersey, and Peraadren contributed by Ciba Pharma­
ceutical Products, Inc., Summit, New Jersey
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The ovaries of a barren Jersey heifer were examined 
by rental palpation before and after each series of injections* 
A diagrammatic sketch of the ovaries showing the number, 
size, and position of follicles and corpora lutea was made 
at each examination.
Heat reactions, swelling of the external genitalia and 
vaginal muoification were used as criteria for hormonal 
effect on the reproductive system.
A check on the metabolism of diethylstilbestrol dipro­
pionate was made by injection of urine from the treated 
animals into mature castrate rats according to the Allen*
Doisy technique.
The cows used in these experiments were milked twice 
daily. Tests sample® were taken from the morning milking.
The official Babcock method was employed for determination 
of fat content. The solids-not-fat were calculated on a 
basis of the lactometer reading at 60 degrees Fahrenheit 
including the percentage of fat as a factor. Total protein 
was determined by the ILjehldahl method as described in the 
1931 edition of the "Official and Tentative Methods of 
Analysis of the Association of Official Agricultural Chemists". 
The addition of 300 co. of distilled water to the digested 
sample instead of E00 cc. proved effective in the prevention 
of bumping during the distillation process. The optical 
method was used to determine the lactose content. Ash was 
determined by a gravimetric method.
Turgidity and flacci&ity of the udder were used as 
indicators of the effects of various hormones on the secre­
tory process in the heifer© during the periods when milk was 
not being removed from the developing gland,
Animals used in this study included normal dairy calves, 
an intact barren Jersey heifer, a castrate virgin grad© 
Jersey heifer, castrate and normal kids, castrate Isolating 
rats and intact Instating rats.
Effect of Cattle Pituitary on the Mammary (lianas
of Dairy Calves
Acetone dried powder of anterior lobe of cattle pitui­
tary, containing 50 R* 0. of gonadotropic potency per gau, 
was given to 3 dairy calves over a period of 19 days 
(fable 1) • The total dosages given were; 3.4 gnu to a
3.5 month old Jersey, 5 gm. to a 6,5 month old Jersey and 
7.8 gm. to a 6.5 month old Holstein. Slight mammary gland 
enlargement was observed in the 6.5 month old Jersey calf 
(Fig. 8). Ho apparent udder enlargement occurred in the 
other Z calves (Figs. 6 and 10}*
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Table 1. The Beaponae of the Mammary Olonds of Tamale Dairy
Calves to Pituitary Treatmant
Animal Data “Obief vat Ions 'anSTSSia
old Jersey
3*5 month July* 9t 1939 Wder photographed
July 10-14 0.2 g. pit.^ injected daily
0.4 g. pit. Injected on each alter­
nate day w 
5 cc. gonadin^ injected 
Udder photographed 
0.4 g, pit. injected dally 
No udder enlargement occurred 
Treatment was a topped
July 15-22
July £1 
July £5 
July 23—£4 
July £5 
July 25
5.5 month 
old Jersey
6.5 month 
old Hol­
stein
July 9f 1959 
July 10-14 
July 15 
July 15 
July 15 
July 15-30
July 15-22
July 21 
July 23 
July 23-24 
July 25-29
July 29
July 29 
July 30
July 31
July 9, 1939 
July 10-14 
July 15-20 
July 21 
July 23 
July 23-24 
July 25 
July 2?
July 28 
July 29 
July 29
Udder photographed 
0.2 g. pit. Injected daily 
External genitalia swollen 
Udder slightly enlarged 
Animal cam© in heat 
Milky fluid varying from 2 to 15 cc, 
was expressed from udder daily 
0.4 g. pit. Injected on each alter­
nate day 
5 cc. gonadIn injected 
Udder photographed 
0.4 g. pit. injected dally 
0.8 g. pit. injected on each aiter- 
nag© day 
Ho further udder enlargement 
occurred 
Treatment was stopped 
Amount of udder secretion decreased 
50 per cent 
Milking was stopped
Udder photographed
0.2 g. pit. injected daily
0.4 g. pit. injected daily
9 cc. gonadin injected
Udder photographed
0.4 g. pit. injected daily
1.2 g. pit. injected
0.8 g. pit. injected
1.0 g. pit. injected
No udder enlargement occurred
Treatment was stopped
1. Acetone dried powder from anterior lobe of cattle pitui­
tary with 20 S. U. of gonadotropic per gram 
Z, Pregnant mare &arum
Effect of Cattle Pituitary and 01^thylstilhestrol Di pro­
pionate on the Mammary Gland of a Barren Jersey Heifer
The next experiment was started in an attempt to deter­
mine the effect of the same pituitary preparation on the 
mammary gland of a 34 month old barren Jersey heifer. The 
estrous cycles of this animal had been normal since puberty* 
but frequent mating had failed to bring about conception.
A total of 18 grams containing 360 B. tl. of gonadotropic 
potency was administered in alternate daily doses over a 
period of 18 days (Table . This series of Injections 
produced no apparent mameary development; however, a slight 
milk secretion followed (Fig. 1). Rectal palpation BB days 
after the first injection of pituitary material revealed 
four large corpora lutea. Five days after the last treat­
ment with pituitary powder subcutaneous injection of 5 mg. 
doses of the synthetic estrogen, diethylstllbestrol dipro­
pionate, was begun. A total of 50 mg. was given in alter-
E5Cg
4 ,4*, dipropionyl alpha, beta diethyl ntilbene 
(Diethylstilbestrol diproplonate)
nnte daily doses. Injection of 15 cc. doses of urine, taken
from this animal during this series of injections, did not
produce estrus in mature castrate female rats. Twelve days
after the first estrogen Injection two ©mall corpora lutea
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Tab Is 0, The Response of the Uamm&vy O-land of a Barren
Jersey Heifer to Pituitary and 
Estrogen Treatment
   O^servatToitS ^ E T T S t a
Normal neat period occurred 
1*5 g. pit.l injected 
Rectal palpation showed no corpora lutea
1.5 g. pit. Injected on each alternate 
day
Udder slightly enlarged 
Milking was begun
3 g. pit. injected on each alternate 
day
3 g. pit. injected 
Hormal estrus failed to occur 
Rectal palpation shewed £ large corpora 
lutea
5 mg. e$t.s injected on each alternate 
day
Daily milk production 0.13 lb.
Bstrus occurred after a 36-day dlestrus 
Hectal palpation showed S small corpora 
lutea
Udder showed marked hypertrophy 
Udder photographed
Urine assayed for estrogen with negative 
results
Daily milk production 4.3 lb.
Daily milk production 11.5 lb.
IE lb. average for daily milk production
Rectal palpation showed one small
ovarian follicle and no corpora lutea 
5 mg. est. Injected on each alternate 
day
Animal earns in heat
Ho significant change in milk volume or 
fat content occurred during the 
second series of estrogen treatments 
bilking was stopped
Total production: £380 lb. of milk and 
£01 lb. of fat 
Udder photographed
Rectal palpation showed no corpora lutea 
S mg. est. injected on each alternate 
day
Animal came in heat
^^rerrrm—
Sept. 30 
Sept. 31
Oct. 3 to Oct. 7
Oet. 7 
Oct. 7
Oet. 9 to Oct. 13
Oet. 16 
Oet. 17 
Oct. El
Oct. EE to Bov. 10
Dot. EE 
Bov. E 
BOV. 3
Kov. 6
Bov. 6 
Bov. 10
Bov. 10 
Bov. EE
Bov. EE, 1939 to 
July 6, 1940 
Dec. 6
Dec. 8 to Dec. E6
Dec. 10 
Dec. £8
July 6, 1940 
Oct. 7, 1939 to 
July 6, 1940 
Bov. 11 
Hov. 14
Nov. 14 to Dec. 28 
Bov. 18
1. Acetone dried powder from anterior lobe of cattle pitui­
tary with £0 R. U. of gonadotropic potency per gram 
E. Diethyletilbestrol dipropionate
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Table S. (eont*d)
Kov* 22 Teats became distended
Dec. 80 Udder failed to enlarge
Bee. 30, 1940 to 10 sag. sst. injected on each alternate
Ja a* 21, 1941 day
Jan. 1 Heat reactions ceased after 43 days of 
continuous mating response
Jan. 5 Udder ©bowed slight enlargement
Jan. 14 Hapid udder enlargement began
Jan* 19 Udder turgid
Jan. £0 Udder became flaccid and enlargement 
ceased
Jan* Animal came in beat
Jan. £4 to Feb. 1 10 mg. est. injected on each alternate 
day
Jan. 28 Heat reactions ceased
Fab. 3 to Feb. 9 20 mg. eat. injected on each alternate 
day
Fab. 11 Udder remained flaccid and no further 
enlargement occurred
Feb. IB Milking was begun
Feb. 13 Daily milk production 0.41 lb.
Mar. 10 Bally milk production 8.7 lb.
Mar. 10 to Mar. 22 5 mg. est. injected on each alternate 
day
Mar. 2b to Apr. 3 5 mg. ©st. injected on each fourth 
day
Apr. 4 Dally milk production 8.1 lb.
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could be identified by palpation* During the period of 
estrogen injection the udder showed marked increase in 
size (Fig. IB) * and the rate of daily milk production in­
creased from 0*13 lb. to 4*5 lb. The daily milk yield 
had increased to 11.5 lb. IB days after the last Injection.
Six days later a maximum of IB lb. per day was obtained.
After a period of 15 days in which the daily production of 
milk remained rather constant another treatment with estro­
gen equal in dosage and duration to the first was given.
During this series of injections the milk volume did not 
change. It should be noted that the slight increase in fat 
content Is In contrast to the steady decline that occurred 
during the first period of estrogen injection {Fig. I). Until 
milking was stopped eight months later a daily milk volume of 
approximately 12 lb. with a fat content of aboxit ? per cent 
was maintained.
About 3 months after this animal was dried off alter­
nate daily injections of 5 mg. doses of diethylstilbestrol 
dipropionate were begun. Heat reactions were displayed on 
the sixth day of injections with this dosage and the animal 
continued in heat while this amount of the hormone was given. 
The dosage of estrogen was increased to 10 tag. 46 days after 
the first Injection. Heat reactions ceased 3 days after the 
injections with 10 mg. doses were begun. Rapid udder enlarge 
ment began 13 days later (Fig. 14). The turgid condition of
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the udder which accompanied the S-day period of rapid 
enlargement was interpreted as evidence of secretory acti­
vity in the mammary gland. As a result of the flaccid con­
dition which followed the estrogen injections were withheld. 
However, when the animal came in heat 5 days later 10 mg. 
injections were started notwithstanding the continued flaccid 
condition of the udder. This procedure was based on the pre­
vious observation in this animal and in goats that the most 
pronounced udder enlargement occurred when a dosage of estro­
gen slightly above the amount required to induce heat reac­
tions was given. Although heat reactions ceased 2 days after 
injections were resumed, the udder remained flaccid during a
9-day period in which 10 mg. alternate daily doses were given. 
A series of 4 injections of £0 mg. alternate daily doses 
accentuated:the flaccid condition of the udder. By palpa­
tion of the udder no increase in amount of glandular tissue 
could be detected. At this point milking was begun. The 
daily volume of milk increased from 0.41 lb. to 5.V lb. dur­
ing the first £5 days of lactation. Alternate dally t> mg. 
injections of diethylstilbestrol dipropionate were then given 
over a period of 15 days.
In order to avoid overdosage subsequent injections were 
given on each fourth day. At the end of a 25-day period, of 
treatment the daily milk yield had increased to 8.1 lb.
Effect of Diethylstilbestrol Dipropionate and 
Testosterone Propionate on the Mammary Gland 
of a Castrate Grade Jersey Heifer
Treatment of a 22 month old castrate grade Jersey 
heifer with b mg* to 10 mg. doses of diethylstilbestrol dlpro- 
pionate on each alternate day for 01 days produced only slight 
udder development (Table 3). A fluid, colastr&l in appearance, 
was expressed from the front right teat on the twelfth day 
of the experiment, but milking was discontinued in order to 
avoid any effect that nervous stimulation might have on the 
progress of mammary development* Slight swelling of the ex­
ternal genitalia was noted on the thirty-seventh day after 
the first estrogen injection* The estrogen treatment was 
followed with simultaneous injection of various ratios of 
diethylstilbestrol dipropionate and testosterone propionate* 
Treatment with b mg* of the estrogen (diethylstilbestrol 
dipropionate) and 1 mg. of the androgen (testosterone propionate) 
was followed by pronounced udder enlargement* After one month 
of administration of these quantities mammary growth was much 
less marked* In an effort to augment this slow rate of develop­
ment various increases in dosage and changes in proportions 
of the two hormones were made. Simultaneous Injection of 
40 mg. of diethylstilbestrol dlpropionat© and 5 mg. of testos­
terone propionate were found to be the most effective In 
bringing about further growth of the udder. After 65 days of 
this treatment mammary gland enlargement was no longer 
apparent. During the next 48 days Increased doses of the
21
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Table 5* T&© Response of the Mammary Gland of a Castrate
Grade Jersey Heifer to Estrogen and Androgen 
Treatment over a Prolonged Period
Date "  : ''o'bservatlQnF" and data
June *. 193s Born by a grade dam; sir© unknown
Mar. 16, 1939 Heifer oastrated
Nor. lit 1939 to 10 mg. est.l injected on each alternate
Nov. 25 day
Nov. BO Animal weighed 475 pound®
Nov. 21 Urine -assayed for estrogen with nega­
tive results
Nov. 25 Udder enlarged slightly
Nov. 29 5 sag. est. injected on each alternate 
day
Dec. 11. 1939 to 10 mg. est injected on each alternate
Jan. 6. 1940 day
Dec. 22 External genitalia swollen
Dee. 24 Udder enlargement more pronounced
Jan. 3 to J an. 13 5 mg. ©st plus 5 mg. and.2 injected on
each alternate day
Jan. 10 Animal cam© in heat; mounted other 
other cattle in pasture
Jan. 12 Udder enlargement continued
Jan. 20 5 mg. est. injected
Jan. 23 5 mg. est plus 5 mg. and. injected
Jan. 25 5 mg. ©st* Injected
Jan. 27 5 mg. est. plus 5 mg. and injected
Jan. 29 5 mg. est. injected
Jan. 31 to Feb. 28 5 mg. ©st. plus 1 sag. and. injected 
on each alternate day
Feb. 4 Marked udder enlargement occurred
Mar. 1 Hate of udder enlargement very slow
Mar. 1 10 mg. est. plus 1 mg. and. injected
Iter. 3 to Mar. 11 5 mg. est. plus 1 mg. and. injected
on each alternate day
Mar. 13 to Mar. 23 10 mg. est. plus 2 mg. and. injected 
on each fourth day
Mar. 25 to Apr. 3 10 mg. est. plus 1 mg. and. injected 
on each alternate day
Apr. 5 15 mg. est. plus 2 mg. and. injected
Apr. 7 20 mg. est. plus 2 mg. and. injected
Apr. 11 30 mg. est. plus 3 mg. and. Injected
Apr. 13 35 mg. ©st. plus 5 mg. and. injected
Apr. 15 to Apr. 26 40 mg. est. plus 5 mg, and. Injected
on ©ach alternate day
Apr. 20 Hate of udder enlargement increased
x-Lpr. 30 to June 19 40 mg. est. plus b *ng. and. injected
on each fourth day
1. Diethylstilbestrol dinropionet©
2m Testosterone propionate
Table 3. tcoat’d)
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'tiate*
June 24 
June 27
June 30 to July 3 
July 6 to July 12 
July 7
July 15 to July 21 
July 22
July 24 to July 27
July 26 
July 27 
July 30 
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
Aug.
OSaeriitlons and data
1 
2
5
6 
a 
n
13
14 to Oct.
Oct. 7 to iSov. 9 
Nov. 9 to Nov. 29
l~ov. 24 
Dec. 1
Dec. 2, 1940 to 
Jan 5, 1941 
Jan. 4 
Jan. 24
Jan. 24 to Feb. 15 
Feb. 15 to Feb. 25
Feb. 18
19 to Feb. 22 
23 to Mar. 4 
7 to Mar. 23 
13, 1940 to
Feb.
Mar.
Aug,
and. injected 
Counted other
Mar. 23, 1941
45 mg. est. plus 5 mg. and. Injected-
50 mg. est* plus 5 icg. and. injected
55 mg. est. plus 5 mg. and. injected
cm each fourth day 
55 mg. est. plus 10 rag.
on each fourth day 
Animal came in heat. \ 
animals in pasture 
55 mg. est. plus 15 mg. and. injected 
on each fourth day 
Udder flaccid
55 mg. est plus 5 mg. and. injected 
on each fourth day 
Udder turgid
External genitalia swollen 
55 mg. estrogen injected 
Animal went out of heat 
65 mg. estrogen injected 
75 mg. estrogen injected 
XJddar flaccid
65 mg. est. plus .10 mg. and. injected 
40 mg. est. plus 10 mg. and. injected 
Milking was begun
Daily milk volume increased from 0.41 lb, 
to 8.6 lb.
3 lb. average for daily production 
10 mg. est. injected on each alternate 
day
10 lb. milk yield
Milk production deel ined to the pre- 
injection level
8.1 lb. average for daily production
Animal weighed 665 pounds 
Milk volume 53 per cent above pre- 
injection peak of production 
13.6 lb. average for daily production 
10 mg. est. injected on each alternate 
day
15.1 lb. milk yield
Daily milk yield declined to 13.9 lb* 
13.9 lb. average for daily production 
16 lb. average for daily production 
Total production: 2070 lb. milk and
104 lb. fat.
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estrogen and the androgen or tho estrogen alone failed to 
Induce further growth• These large doses caused the udder 
to become flaccid. At this time milking was begun*
The first milk had the physical appearance and approxi­
mate chemical composition of colostrum. The establishment 
of complete lactation proceeded at a rather slow rate (Fig. Z 
and Appendix). Fifty-three days after milking was begun an 
8*6 ID. production peak was reached. An average of 9 lb. 
per day was produced during the next 36 days. At this point 
in the experiment 10 mg. Injections of diethylstilbestrol 
dipropiomte were begun. These doses were given on each 
alternate day. Milk volume increased consistently. On the 
sixteenth day tne production of 10 lb. exceeded the pre­
treatment peak by 16 per cent (fig. 2 and Appendix). Con­
tinued estrogen injection was accompanied by a gradual decline 
in milk volume. A total of 110 mg. of the estro&an were 
given. Milk production returned to about the same level as 
that of the original plateau and remained consistent for 36 
days following the last injection of the hormone. At this 
time a marked increase in the rate of lactation began. Vithin 
eighteen days the daily production of 1£.3 lb. was 53 per 
cent greater than it had been at any period prior to the 
estrogen injections. Daily production continued at the level 
of 13. 6 lb. for 21 days. Another series of alternate daily 
injections of diethylstilbestrol dipropionata in 10 mg. doses 
was begun at this time. The daily production increased to
15*1 lb* by the sixth day after the first injection and 
than declined gradually. A pronounced swelling of the geni­
talia IE days after the first injection suggested a high 
titre of estrogen. Injections were then stopped. A daily 
production level of 13.9 lb. was established during the
10-day period following the last injection. Then the milk 
volume increased to 16 lb. per day and M s  remained con­
stant up to the time or this writing BB days later.
Analyses of duplicate samples of milk, taken on 3 suc­
cessive days about 3 months after the beginning of lacta­
tion, gave the following averages for the 3-day period: 
protein, 3*8 per cent; lactose 5 per cent; ash, 0.74 per 
cent; fat, 5.3 per cent; solids-not-fat, 9.06 per cent.
The percentages of these constituents indicate that the 
chemical composition or the milk was normal at this time.
Effect of Diethylstilbestrol Biproplon&t©9 Testosterone
Propionate and Progesterone on the Mammary G-lands of Goats
The failure of anterior pituitary injections to induce 
mammary gLand development in dairy calves raised the ques­
tion of age as a possible determining factor in the milk- 
producing system of pro-pubertal animals. The pronounced 
mammary gland development which followed the injections of 
testosterone propionate in the castrate heifer made it 
desirable to compare the effect of this hormone to similar 
injections of progesterone. Since the response of the mam­
mary gland to testosterone propionate was obtained when 
estrogen was Deing given simultaneously9 It seemed necessary 
to test the aammogeai© property of these two hormones given 
alone in separate animals.
Since sufficient numbers of cattle were not available 
for the study of these problems a series of experiments with 
goats were set up. Kids that had never been in heat were 
selected for these experiments in order to test the effect 
of estrogen and progesterone on the mammary glands before 
they had been affected by the increased activity of the 
ovaries at puberty. Since there were 2 sets of twins in this 
group of animals better controlled experiments were mad© 
possible.
Six common kids not of a ml Iking breed were used. Five 
of these animals were castrated and on© was left intact as 
a control. Treatment was begun 58 days after castration*
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Injections were given in alternate daily doses to the first 
four kids and the fifth served as a castrate control. The 
first and second pairs of goats were twins. At the beginning 
of treatment the first experimental animal received 1 mg. of 
diethylstilbestrol dipropionate; the second , 1 mg. of testos­
terone propionate; the third, 0.7b mg. of diethylstilbestrol 
dipropionate and 0.2b mg. of testosterone propionate; and 
the fourth, 0.75 ag. of the estrogen plus 0.25 mg. of pro­
gesterone (Table 4). The udders of all the animals were 
manipulated daily. On the eighth day of treatm^nt, goats 1,
5 and 4 showed evidence of vaginal mucifieation by abundant 
mucous secretion adhering to the vulva. Nipple development 
was noted ten days after the first injection in all goats 
receiving treatment. Lengthening of the teats was most pro­
nounced in the kid treated with testosterone propionate.
Slight udder development was observed in goats 1, Z and 4 
sixteen days after treatment was begun. Goat 1 came In boat 
28 days after the first injection.
Since 46 days of treatment with 1 mg. injections had 
induced only slight udder growth the amount of each hormone 
was doubled in subsequent injections.
Four days after the beginning of treatment with 2 mg. 
doses heat reactions occurred in goats 2, 3 and 4 and con­
tinued for several days. Heat reactions ceased In all of the 
treated animals by the twelfth day after the 2 mg. injections 
were begun. The udder of the kid Injected with dlethylstilbes-
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fable 4. The Response of Castrate Female Kidstto Fstrogea, 
Androgen and Progesterone Treatment over 
a Prolonged Period
Ooatj Bate : Observations and data
No* :___________   :
NOV. 14-Dec. 28 1 mg. est.l injected oh each alternate clay
NOV. ZZ Vaginal mueification
Nov. 30 Slight udder development
Bee. 12 Animal came In h at
Dee. 16 Udder turgid
Bee. 30-Jan. 21 2 mg. est. injected on each alternate day
Jan. 11 Heat reactions ceased
Jan. 11 Udder flaccid
Jan. 28-Mar. 5 1.5 mg. est. injected on each alternate 
day
&«r. 7 No further udder enlargement occurred
Nov. 14-Dec. 28 1 mg. and.s Injected on each alternate day
Nov. 24 Teats lengthened
Dee. 30-Jan. 21 2 mg. and. injected on each alternate day
Jan. 3 Animal cam© in heat
Jan. 9 Heat reactions ceased
J an . 28-Mar. 5 1.5 mg. and. injected on each alternate day
Mar. 7 Ho udder enlargement occurred
NOV. 14-Dec. 28 0.75 mg. ©st. and 0.2b mg. and. Injected 
on each alternate day
NOV. 22 Vaginal rauciflcation
NOV. 30 Slight udder development
Dee. 30-Jan. 21 1.5 mg. est. and 0.5 mg. and . injected 
on each alternate day
Jan. 3 Animal came in heat
Jan. 9 Heat reactions ceased
Jan. 13 Udder development enhanced
Dec. 28-’ ar. 5 1.125 mg. est. and 0.375 mg. and. injected 
on each alternate day
Par. 7 Ho further udder enlargement occurred
Hov. 14-Dec. 28 0.75 mg. ©st. and 0.25 mg. progesterone 
injected on each alternate clay
NOV • 22 Vaginal mucification
Nov. 30 Slight uddar development
Dec. 30-Jan. 21 1.5 mg. est. and 0.5 mg. progesterone
injected on each alternate day
Jan. 3 Animal cams In heat
Jan. 9 Heat reactions ceased
Dee. 28-'V?ar. 5 1.125 mg. ©st. and 0.375 mg. progesterone 
injected on each alternate day
Ear. 7 Ho further udder enlargement occurred
1* Diethylstilbestrol dipropionate
2. Testosterone propionate
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trol diproplocate became flaccid. The udder or the kid 
treated  ^ith the estrogen and testosterone propionate showed 
an increase in rate of enlargement while no effect could 
be detected in the twin receiving progesterone with the 
estrogen. Ho udder enlargement occurred in the animal 
treated with testosterone propionate alone. After 83 days 
of treatment with B mg* doses injections were discontinued* 
uoats 1 and 4 came la heat on tha fourth day and sixth day, 
respectively, after the cessation of Injections.
Injections of 1.5 mg. doses were begun in the goat© la 
an attempt to produca a hormone titre slightly higher than 
the level necessary to produce estrus. Goat 4 went out of 
heat 6 days after these injections were begun* Goat 1 con­
tinued in best. After 36 days of these injections no fur­
ther enlargement of the aaaasary glands occurred. Injections 
were then discontinued. Goat 1 came in heat 4 days after 
the last injections. This animal went out of heat 8 days 
later.
Effect of Diethylstilbestrol Dipropionate on Lactation in Eats
The increase in rate of milk secretion which followed 
the first few 10 rag. doses of a series of injections of 
diethylstilbestrol dipropionat© in the castrate heifer is 
not in agreement with the theory that estrogen inhibits 
lactation which was proposed by Nelson (1936). A gradual 
decline in milk production followed continued injections of 
10 rag. doses of estrogen. These observations suggested that 
the inhibitory effect of estrogen might be caused entirely 
by high litres. Accordingly, a series of experiments were 
begun with lactating rats in which varied amounts of this 
hormone were given. A total of 26 multiparous females 
averaging 240 g®. in body weight were divided Into 6 groups. 
Six served as normal controls; four intact and four castrate 
animals were given dally injections of 0.2 mg. of diethyl­
stilbestrol dlpropionate from the second to the twentieth 
day of lactation; four noncastrate and four castrate females 
were treated in the same way with 1 rag. injections of this 
hormone; four castrate female® were used as controls. In 
all cases the litters were reduced to six at birth. All 
castrations were performed on the first day after parturition. 
The growth rates of the sucklings were used as indices of 
lactation. Litters were discarded when one or more of the 
young died. Mothers were autopsled at the twenty-first day 
of lactation or at the time when the last suck I irr In the
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litter died, and the weights of the pituitary, adrenals, 
ovaries and uterus were recorded*
Average growth rate of th© young of all group© of 
treated ©others exceeded that of tfaa young of untreated 
mothers during the second day of the Injection period (Figs. 3 
and 4 and Tables § and 6). After the second day of treat­
ment, the young whose mothers were left intact and were given 
either large or small doses of diethylstilbestrol dipropionate, 
gained weight less rapidly than the sucklings of the non­
castrate controls. On the contrary the rapid growth rate 
was continued for a longer period in the young of the cas­
trate animals which were treated with this hormone. The 
weight of sucklings of mothers which were given 1 mg. doses 
exceeded the weight of the young of castrate control animals 
through the sixth day. The litters of castrate animals treated 
with 0.2 mg. doses maintained an average weight above that of 
the controls through the fourteenth day. It should be pointed 
out that the inhibitory effect of this estrogen v^ as much 
more pronounced in intact than in castrate animals. Either 
large or small doses of the hormone brought about almost 
complete suppression of lactation by the eighth day of 
treatment in noncastrate animals. Doses of 1 mg. produced 
complete inhibition in 2 of the castrate mothers, but this 
dosage failed to suppress lactation completely in 2 other 
castrate animals. Doses or 0.2 mg. produced little or no 
inhibitory effect in 3 castrate mothers, although the young
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Table 5* The Average Growth Bate of Sucklings of Noneastrata
Hats Injected with' Diethylstilbestrol 
Dipropionate
Days I 
afters
Average weight of youngin g
No* of mothers or mothers * X!O,
birth;
*»
given 0 
estrogen
.2 mg.
(daily) ®S
given 1 mg. 
jtrogen (daily)
: con- 
;trolsee 1 ; 1 : 1 : i r i 1 * i *« *»• ~ 1 ~ : 6
gl 6*0 6.4 50.8 6.9 5.2 7.1 6.7 5.2 6.5
3 7.5 7.6 6.8 8.1 6.8 8*1 7.9 6.0 7.1
4 8.5 8.8 7.4 9.0 7.8 8.9 9.6 6.9 8.3
5 9.6 9.7 7.9 9.9 10.2 9.8 10.6 7.4 9.6
6 10.8 10.5 7.8 11.8 11.8 9.6 11.0 7.0 10.8
7 11.3 11.3 7.8 11.9 11.8 9.5 12.4 7.9 12.0
a 11.9 11.0 2 a. 12.4 12.3 9.3 IB. 9 8.1 13.2
9 12.2 11.8 12.7 12.9 3 a. 13.3 8.4 14.3
10 12.1 11.8 1 a. 13.5 12.7 14.0 8.4 15.4
li 12.0 11.7 3 a. 14.0 14.0 14.5 7.9 16.7
12 11.9 10.6 14.1 13.5 14.3 1 d. 18.2
13 10.9 9.3 14.4 12.5 15.0 5 a. 19.1
14 1 d<. 6 d. 14.6 12.2 15*4 20.3
15 15.2 2 d» Id. 15.8 21.5
16 15.7 2 d» 15.9 23.1
17 2 d * 15.6 £ a. 16.8 83.0
10 i ae 15.6 16.2 25.1
19 14.7 i a» 16.3 26.8
20S 14.3 16.6 29.1
21 1 a. 17.0 31*0
1* first injection 2. Last Injeotion d. Death of young
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Table 6. Th© Average Growth Rate of uckling Hats of 
Castrate Mothers Injected with Diethylstil­
bestrol Dipropionate
Days : ______ Average welght of young 1 n
after:No. of mothers : Mo. of mothers" . __
birth: given o.£ mg. : given 1 mg. : con­
trols*« 3 : 1 : i ! I * 4
S* 6.7 5.5 6.7 6.2 5.0 6.0
3 8.1 6.5 6.8 7.3 5.6 7.0
4 9.4 7.0 0.4 3.1 6.9 0.0
5 10.8 8.3 9.6 9.2 7.5 9.0
6 12.0 9.3 10.6 10.2 0.6 9.7
7 15.0 3.8 11.8 10.6 9.4 11.0
a 14.1 3.6 12.6 10.3 9*6 11.8
9 15.2 3.9 13.3 11.2 10.0 13.3
10 16.1 i a. 13.3 11.9 9.7 14.4
11 17.1 1 d. 14.6 12.6 9.7 16.7
12 16.1 14.8 18.3 1 a. 16.8
13 19.1 15.8 12.7 10.0
14 19.9 l a. 16.4 i a. 3 a. 19.2
15 20.5 16.3 s a. 20.9
16 21.5 17.4 22.4
17 22.0 i a. 18.1 23.4
18 £2.6 2 a. 17.9 25.1
19 24.1 18.9 26.3
202 26.0 19.7 28.0
21 20.2 20.6 30.6
1. First injection 2. Last injection d. Death of young
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of a fourth anima 1 given this dosage began to lose weight on 
the fifth day of treatment*
Table 7 shows the effect of the injection of this hor­
mone on the weight of the endocrine glands studied in these 
experiments. It should be pointed out that the endocrine 
glands of those animals which were injected show a pronounced 
Increase in weight when compared with the glands in the con­
trol mothers. Examination of the results showed no effect 
on gland weight that could be attributed to size of dosage 
or to castration.
. It was found that all treated animals lost weight dur­
ing the period of injections. The average loss of weight 
In the intact rats was about double that of the castrates.
On the other hand, it should be pointed out that castrate
control animals lost weight while the intact untreated ani­
mals gained weight during the SI days of lactation.
The premature opening of the vagina of the sucklings of
injected animals suggests that large amounts of diethyl­
stilbestrol dipropionate were secreted with the milk. The 
vagina was open 12 days after birth in most of the treated 
litters.
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Table 7. The Effect of Diethylstilbestrol D1propionate
os Lactating Female Hats
Bescrip-sKo. 
ties s of 
JinJ.
;
:est.8:
liM&l)1
Fait.
wt.
:Fnl♦ : 
: wt. :
Ov&r.: 
wt. : 
(m&.l;
Mr. : 
wt. : 
lm.Ai
Fft. :Tjtefine 
wt* : wt. 
(«•): (.(W.).
Castrate 191 0.2 234 221 89.2 21.6 1.1718*
Castrate 19 0.2 244 20 2 71.2 31.7 .4956
Castrate 16 0.2 249 185 34.6 17.4 .6977
Castrate 19 0.2 £36 212 00.8 20.5 .5532
Castrate 14 1 275 230 96.8 20.6 1,0317*
Castrate 19 1 222 214 68.5 20.5 1.0160
Castrate 13 1 238 194 108.2 28.2 .8140
Castrate 19 1 272 244 87.3 25.4 .7509
Castrate 160 187 40.0 91.1 .0760
Castrate 246 232 73.8 13.7 .2366
Castrate 230 217 64.5 10.5 .1708
Castrate 245 234 54.5 11.6 .1688
Intact 1© 0.2 255 243 65.0 on o 00.0 21.8 1.0828
Intact 12 0.2 223 205 89.6 89.2 20.4 1.1545*
Intact 9 0.2 254 178 126.5 106.0 15.0 .9613
Intact 18 0.2 272 225 93.2 107.7 30.6 .8240
Intact 19 1 230 221 84.5 92.2 16.1 1.0122
Intact 15 1 298 261 91.1 134.4 23.3 .7653
Intact 19 1 249 214 92.6 102.0 38.6 .7364
Intact XI 1 294 died
Intact 206 211 49.1 77.0 7.3 .1610
Intact 219 243 46.9 59.5 8.0 .1518
Intact 261 256 64.0 56.0 16.0 .4914
Intact 259 266 50.9 63.8 10.8 .2687
Intact 240 243 42.5 48.6 13.2 .2186
Intact 232 236 51.1 76.5 3.0 .3015
* Weight of uterus and vagina•
1. kll animals were autopsled 1 day after the last injection*
2. Diethylstilbestrol dipropionat©.
Discussion
As a result or a great number or investigations it has 
been shown that the ovarian hormone© a M  possibly one or 
more mammary growth factors from the pituitary are primarily 
responsible for the development of the mammary system, Many 
papers have been presented as evidence that a lactogenic 
principle secreted by the hypophysis 1© essential for Initia­
tion and maintenance of milk secretion. Gaunt and Tobin (1936) 
showed that the life-sustaining dosage of the adrenal corti­
cal hormone was insufficient to maintain lactation In rats.
By doubling the life-sustaining dosage lactation was suffi­
cient to rear all litters. Most of the literature agrees 
with the observation of Grimmer (1918) that thyroidectomy 
materially reduces the level of milk secretion, although 
lactation will proceed in the absence of the thyroid.
In consideration of the number of pituitary hormones 
related either directly of indirectly to mammary develop­
ment and lactation it was deemed expedient to utilise the 
entire anterior lobe of the pituitary in order to attain the 
amount of each hormone most conducive to mammary function.
Our experiments with dairy calves of different ages snd breeds 
suggest that there is a difference In responsiveness of th© 
mllk^producing system due to age. Slight udder enlargement 
occurred in a 6.5 month old lersey calf while no apparent 
response was shown in a 3.5 month old Jersey calf when these
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animals w r e  injected with acston© dried anterior lob© of 
cattle pituitary.
Although treatment of the noneastrate barren Jersey 
heifer with anterior lobe powder produced no apparent mam­
mary growth, 4 large corpora lutea were found 22 days after 
the Initial injection. The presence of these corpora lutea 
suggests that the ovaries may have passed through the peak 
of the estrogen-producing phase in a period too short to 
induce a noticeable effect upon the udder. Dodds# Ooldberg, 
Lawson and Robinson (1938) found that 0.5 gc m of diethyl- 
stllbeatrol kept rats in estrus from 4 to 5 days whereas 
10 gamma of diethylstilbestrol dipropionate, which Is one 
half as active biologically per unit weight, maintained 
estrus for 50 days. The prolonged effect of this estro­
gen as reported for the rat suggests its efficacy in the 
stimulation of mammary gland development in animals with 
long reproductive cycles. The small amount of this hormone 
required to accomplish mammary proliferation in the barren 
Jersey heifer was probably due to the additive function of 
the hormones from the animal’s own ovaries. The presence of 
4 large corpora lutea at the beginning of estrogen injections 
indicates a high rate of secretion of progesterone. The 
rapid increase in milk volume following the cessation of 
estrogen injections suggests that the titre following this 
dosage was not sufficiently high to affect suppression of 
the secretory process.
SB
It should be pointed out in light of later results vlth 
the none© strata heifer that the decrease In fat content 
accompanying the first series of estrogen injections did not 
occur when this hormone was given after maximum lactation had 
been established. This observation was reaffirmed by estro­
gen treatment of the laetating castrate heifer. Doses twice 
as large as the 5 mg, injections given to the noncastrat© 
heifer produced no significant change in the fat content.
Our results obtained with the castrate heifer give 
highly significant quantitative information on the hormonal 
control of the mammary system. The different amounts of 
ovarian hormones present at different stages in the estrous 
cycle produce a variable that can be controlled only by 
ovariectomy. This variability is further magnified by the 
direct discharge of the animals own hormones into the blood 
where they are immediately available for us©. On the con­
trary subcutaneous injections are much more slowly avail­
able and are consequently more lilcely to b® destroyed before 
being utilized. Anselmino and Hoffmann (1936) treated normal 
lactatlag rats twice daily with 1000 I. U. of estrogen. In 
7 litters the young died in 5 to 9 days; in 3 other litters 
the young survived but were stunted. In ovariectomized ani­
mals the same dosage did not inhibit lactation. They con­
cluded that the Inhibiting effect was not direct and conse­
quently progestin was proposed as the hormone responsible 
for inhibition of lactation, later Anselmino, Harold,
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iioffman and Pencnarz (1936) found that 0.5 I. U* doses of 
progas tin suppressed the secretion of milk entirely in young 
castrate rats when administered at the timeof castration 
and 18 hours later. Ho inhibition of lactation was observed 
when 40 to 8000 I. U. doses of estrogen were given to a 
aeries of similar animals under the same condition. The 
report by Folley and Kon (1937) that 1 mg. doses of proges­
terone injected daily for 15 days in normal lac tat leg rats 
did not suppress lactation, strongly indicates that this 
hormone does not inhibit lactation in the normal animal.
The prolonged period of mammary development in the cas­
trate heifer suggests the operation of a time factor related 
to the length of the gestation period. This suggestion Is 
in agreement with the observation of Gardner and van Wagenen 
(1933) in their study of the monkey. Increases in the amounts 
of the hormones Injected in the castrate heifer failed to 
produce a proportional increase in mammary development.
Selye, McSuen and Collip (1936) reported slight acinar 
development in the mammary gland of rats injected with testos­
terone benzoate. Scipiades (1937) found that 5 daily 5 mg. 
injections of testosterone in rats castrated on the twelfth 
to seventeenth day of pregnancy prevented abortion. Greene 
and Burrill (1939) showed that rats castrated after the 
eleventh day of pregnancy carried livir?5 young to term when 
treated with testosterone propionate. These similarities 
of biological activity of testosterone together v.lth its
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close relation in chemical structure to progesterone suggested
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OH3. , O-C^ CjgHg
Testosterone propionate 
the use of testosterone propionate in combination with estro­
gen to bring about more complete mammary development then w© 
were able to produce with estrogen alone* Enhancement of rate 
of mammary gland growth in the castrate heifer occurred when 
small doses of testosterone propionate were given along with 
diethylstilbestrol dipropionate* A series of injections in 
castrate twin kids showed taat testosterone propionate is 
more effective in producing growth of the mammary gland than 
progesterone when these hormones are injected simultaneously 
with diethylstilbestrol dipropionate*
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The study of mammary glands from which milk is not 
being removed should throw more light on the suppressing 
effect of estrogens on the secretory process. Large doses 
of estrogen in the castrate heifer and in the barren heifer 
brought about an immediate change of the udder from a tur­
gid to a flaccid condition. These results suggest that at 
least a part of the inhibitory function may be accomplished 
by a direct effect upon the mammary tissue .
The large doses of diethylstilbestrol dipropiorat© pre­
ceding the beginning of milking in the castrate heifer 
appear to be the cause of the slow increase in daily produc­
tion during the early period of lactation. It should be 
pointed out, however, that an initial increase in milk 
volume accompanied small doses of this estrogen adminis­
tered after a plateau in production had been attained. The 
decline in daily produe tion which followed a prolonged treat­
ment suggests a cumulative effect of this hormone. Such an 
effect could be anticipated in light of the observation of 
Dodds, Goldberg, Lawson and Kobinson (1938) that this estro­
gen Induces continuous estrus In the rat for 50 days after 
a 10 gamma injection. The 53 per cent increase in milk 
volume 46 days after cessation of estrogen treatment may 
be interpreted either as a result of stimulation of the secre­
tory process or as a result of additional mammary prolifera­
tion. Reece, Bartlett, Eathaway and Davis (1940) found that 
lactatlng rats injected with pregnancy urine extract and
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estradiol benzoate showed the greatest parenchymal prolifera­
tion and the most pronounced suppression of lactation. Mitotic 
activity of the mammary gland was proposed as an inhibitory 
mechanism of the secretory process. This interpretation of 
our results in the castrate heifer would explain the increase 
in lactation following estrogen treatment as due, at least 
in part, to additional mammary growth. If on the other hand, 
the increase is regarded as being due entirely to a d irect 
effect on the secretory process, it may be assumed that a 
titre of estrogen too high for maximum secretion was main­
tained during the intervening period between the two points 
of high production. It must be further assumed that the 
estrogen titre slowly decreased to a level conducive to 
stimulation of the secretory process. It should be pointed 
out that suppression of lactation reported in dairy cows 
by Jolley (1936) was accomplished by 20 mg. doses of estro­
gen given daily over a period of 5 days. Th© dosage of estro­
gen used by Folley was 3 times as large for the 5-day period 
as the amount used in our experiments with the castrate 
heifer. V*e found that daily 0.2 mg. doses of th© same estro­
gen which we used In the castrate heifer suppressed lactation 
completely in the intact rat, while the same amount of this 
hormone had little effect on lactation in the castrate animals. 
In light of theae observations th© failure of Folley to obtain 
an increase in milk volume in lactating cows may be attributed 
to excessive doses. The stimulating effect of dlethylstil-
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bestrol dipropion&t© on lactation was reaffirmed In th© 
laeteting castrate heifer when 6 alternate dally 10 mg. 
doses were given. The dally milk yield increased to 15.1 lb. 
per day during th© first e day© of treats® nt. Yiith con­
tinued Injections the dally yield declined to the pre- 
injection level. After 10 days of production at this level 
the daily milk volume increased to 1© lb. This double peak 
in the production curve is a duplication of th© results 
obtained when th© first series of estrogen injection© was 
given. The increase in volume represented by the second 
peak of this curve is regarded as a confirmation of th© 
conclusion that estrogen brings about proliferation of the 
parenchyma of the laetating mammary gland.
Injections of estrogen alone and injections of estrogen 
and progesterone together in pre-pubertal castrate kids in­
duced very little mammary gland development when these hor­
mones were given over a period of 114 days. These results 
are In agreement with our findings in dairy calves* and 
therefore offer further evidence that an age factor is in­
volved in the development of the mammary gland of juvenile 
animals •
Even though the extent of mammary gland development 
in the goats was limited* some observations of th© manner 
and degree of growth induced by th© various injections are 
significant. Durii^ th® period of injections with 1 mg. 
doses, pronounced lengthening of the teats occurred in the
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animal which was given testosterone propionate alone. It 
should also be pointed out that no mammary gland enlarge- 
stent occurred in the kid given testosterone propionate alone 
while the twin of this animal which was given diethylstil­
bestrol dipropioaate alone showed the most rapid mammary 
gland enlargement during th© period of treatment with 1 mg. 
doses {Table 4). However, when Z mg, injections were begun 
th© mammary glands of goats 5 and 4 began to enlarge while 
no further enlargement occurred in goat 1. After the dosage 
was reduced to 1.5 mg. the mammary gland of goat 3 con­
tinued to enlarge slowly. Ho further udder enlargement 
could be detected In goat 4. This observation suggests that 
the male hormone is a mors effective synergist for the 
saamogenle activity of estrogen than progesterone.
Results obtained by Injections of diethylstilbestrol 
dipropionate in laetating rats have shown that suppression 
of lactation is much more complete in Intact than in cas­
trate animals. Doses of 0.2 mg. brought about more com­
plete suppression of lactation la noncastrate females than 
1 mg. doses given to castrates. The results reported by 
Folley and Kon (1937) showed that 1 mg. doses of proges­
terone daily, over a period of 15 days, did not inhibit 
lactation In normal laetating rata. Therefor©, it is 
unlikely that progesterone secreted by th© ovaries of the 
intact animals used In our experiments was sufficient to 
account for the suppression of lactation that occurred.
4©
Although th© inhibitory effects of estrogen on lacta­
tion occurred early in the intact rats, the growth rate of 
the young of these animals exceeded that of th® control 
litters during the second and third day® of treatment. In 
ell animals that were given estrogen the Initial growth rate 
of the young was greater than the growth rate of th® con­
trol litters (Figs. 5 and 4)• These results show that 
estrogen in slightly higher than normal titres Is capable 
of increasing the rate of lactation while the accumulation 
of an increasingly higher titre suppresses the rate of 
lactation* These findings reaffirm our observation is the 
castrate laetating heifer. The first effect of injections 
of estrogen in this animal was a 1? per cent increase In 
daily milk volume. Continued injections were followed by 
a decrease in daily production to the pre-treatment level.
Turner (1939) reported that the rapid enlargement of 
the mammary glands during late pregnancy is a result of 
secretion into th© alveoli already formed. The rapid In­
crease of estrogen excretion in cattle during late preg­
nancy (Turner, 1934) suggests that this hormone is being 
secreted at a high rate when enlargement of the udder is 
most pronounced. These observations are in agreement with 
the results of our experiments with the castrate and the 
barren heifer. In both of these animals an increase in th© 
dosage of estrogen was followed by a rapid enlargemsnt and 
pronounced turgidity of the udder. Our results ©re interpreted
46
as evidence that a medium titre of estrogen stimulates the 
secretory process of the alveolar cells,
The curve (Fig* Z) which represents the daily mills: 
volume of the laetating castrate heifer shows a striking 
contrast to the milk production curve during a similar 
period of lactation in normal cows* In the normal cow a 
peak of milk production is reached about 5 weeks after 
parturition* This peak is followed by a slight decline of 
production during the next several months. A production 
peak was reached in the castrate heifer 8 months after milk­
ing was begun. The 91 per cent increase in yield that fol­
lowed during the next 4,5 months appears in striking con­
trast to the gradual decline in the normal eow at th© 
correspongiag period of lactation. This 91 per cent increase 
in milk volume is attributed to parenchymal proliferation of 
the laetating gland induced by estrogen.
Summary
Acetone dried powder of th© anterior lobe of cattle 
pituitary was administered to three dairy calves. The total 
dosages given were: 3.4 mg. to a 3.5 month old Jersey, 5 mg.
to a 6.5 month old Jersey, and 7.2 mg. to a 6.5 month old 
Holstein. Slight mammary gland hypertrophy was observed 
in the 6.5 month old Jersey calf. Mo apparent udder an- 
largement occurred in the other 2 calves.
Eighteen mg. of th© same pituitary preparation was 
given to a 34 month old barren Jersey heifer over a period 
of 17 days. Ho apparent mammary enlargement occurred. Four 
large corpora lutea were found by rectal palpation ZZ days 
after the first injection* Subsequent treatment of this ani­
mal with alternate dally 5 mg. doses of diethylstilbestrol 
dipropionate during a period of 20 days was followed by pro­
nounced udder development and induction of lactation. Adminis­
tration of an equal amount of this hormone after lactation 
was established had no effeet on milk volume or fat content. 
Lactation continued at a level of 12 pounds per day with 
a fat content of 7 per cent until the heifer was dried off 
8 months after the last injection.
Another experiment with this animal was begun In an 
attempt to determine th© extent of mammary development that 
could be obtained by injections of diethylstilbestrol dipro­
pionate alone. Alternate daily injectlons of 5 mg. of this
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hormone were begun 130 days after the first lactation period. 
The animal came in heat, but no mammary gland enlargement 
occurred. V«hen 10 mg. injections of estrogen were given 
heat reactions ceased and the udder enlarged rapidly during 
a period of 10 days. After this short period of rapid en­
largement the udder no longer increased in else. When 20 
mg. injections of estrogen were given th© udder became 
flaccid. Milking was begun. During th© first £5 days of 
lactation daily milk volume increased from 0.41 lb. to
3.? lb. At this time alternate daily Injections of 5 mg. 
of estrogen were begun. The daily volume increased to
6.1 lb. during the second £5-day period.
Injection of a 22 month old castrate grade Jersey 
heifer on each alternate day with & to 10 mg. doses of 
diethylstilbestrol dipropionate over a 2-month period pro­
duced considerable udder enlargement. Simultaneous injec­
tion of 5 mg. of this estrogen and 1 mg. of testosterone 
propionate induced marked udder growth. Turgidity of th© 
gland continued with gradually increased doses of these 
two hormones. Doses exceeding 40 mg. of diethylstilbestrol 
dipropionate and 10 mg. of testosterone propionate produced 
little further growth. A flaccid condition of th© udder 
followed injection with 75 mg. doses of th© estrogen alone.
After 9 months of treatment milking was begun. Th© rat© 
of milk secretion increased In 53 days from 0.41 lb. to 8.6 lb.
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per day. An average daily volume of © lb* was produced 
during the next 5© days. A total of 11© mg. of diethylstil­
bestrol dipropionate was then given In alternate daily 1© mg. 
injections. Milk: production increased to 10 lb. durissg the 
first lb days of this treatment and then declined to the pre- 
injection level by the third day after the last injection. A
marked increase in milk volume occurred 36 days after th©
last inject!on. Within 18 days the daily production was 53 
per cent greater than it had been at any previous period.
The milk yield for the next 21 days averaged 15.6 lb. At 
this time alternate daily injections of 10 mg. of estrogen 
mere begun* By the tnird day after the first Injection th© 
daily production had increased to lb.l lb. During the next 
4 days the milk volume declined to 13.9 lb. Treatment was 
stopped after the sixth injection. After 10 days of pro­
duction at the 13.9 lb. level, the dally volume increased 
during 3 days to 16 lb. Production has remained at this 
level up to the time of this writing ZZ days later.
A group of 6 pre-pubertal kids containing 2 sets of
twins were used in the study of 3 problems that arose dur­
ing the experiments with cattle. These problems are outlined 
on page 20. Five of the animal® were castrated 38 days 
before injections were begun. Goat 1 was given diethylstil­
bestrol dipropionate; goat 2, testosterone propionate; goat 
3, three parts of the estrogen to 1 part of the androgen; 
goat 4, three parts of the estrogen to 1 part of progesterone.
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Injections were mad© on each alternate day. Treatisent with
1 mg* doses over a period of 46 days induced slight udder 
growth in goats 1, 3 and 4, and lengthening of the teats in 
goat 2 (Table 4)* The dosage of each hormone was then 
doubled. The udder of goat 1 became flaccid. The udder of 
goat 3 increased in size, but no enlargement of th® udder of 
goat 4 could be detected. After S3 days of treatment with
2 mg. doses, 1,5 mg. injections were begun. Since these 
Injections induced no further udder enlargement over a period 
of 36 days, injections were stopped.
In order to study the effect of diethylstilbestrol dipro­
pionate on lactation, a series of experiments was carried 
out with 26 multlparous rats. This hormone was given in 
varied doses to castrate and to intact animals. Injections 
of 0.2 mg. and 1 mg. were given to separate groups of Iso­
lating mothers whoso sucklings had been reduced to 6 per 
litter at parturition. Injections were given from th® second 
to th© twentieth day after parturition. The average growth 
rate of the young was used as the measure of th© rat© of 
lactation.
Average growth rate of th© young of all groups of 
treated mothers exceeded that of tha controls during th© 
second day of the injection period. After the second day 
of treatment th© young, whose mothers were left intact and 
were given either large or small doses of the estrogen, 
gained weight less rapidly than the sucklings of noncastrate
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controls. On th© contrary the rapid growth rat© was con­
tinued for 6 days in the young of the castrate mothers which 
were given 1 mg., and for 1£ days la th© litters of castrate 
mothers which were given 0.8 mg. The suppression of lacta­
tion was much more pronounced in noneastrat® than in castrate 
animals. Kither large or small doses brought about almost 
complete suppression of lactation in noncastrate animals. 
Little or no inhibitory effect was observed in 3 of the 4 
castrate mothers which were given 0.8 mg.
The pituitary, ovaries, and adrenals of the injected 
rats showed a marked increase in weight when compared with 
the glands in the control animals. All treated animals and 
3 of the 4 castrate controls lost weight during the period of 
the experiments, while the intact untreated mothers gained 
weight.
Conclusions
1* Mammary gland devalopmmt and induction of 16 lb*
©f milk per day von brought about by injection of dietfcyX- 
stilbestrol dipropionate and testosterone propionate in a 
eastrata heifer* it was therefor® concluded that progestin 
is not needed for complete development of the mamma ry gland 
In cattle*
2. Testosterone propionate when given with diethylstil­
bestrol dipropionate enhances mammary gland development In 
castrate cows and goats.
2, Testosterone propionate is a more effective synergist 
of the aammogenic activity of diethylstilbestrol dipropionate 
in goats than an equal amount of progesterone.
4* Diethylstilbestrol dipropionate is ©specially well 
adapted to the experimental development of the mease* ry gland* 
The cumulative effect obtained with this hormone when given 
over a prolonged period suggest® that it is removed from the 
body at a slower rata th@n the normally occurring estrogens* 
5. The titre of estrogen determines its of feet on the 
massB&ry gland* A low titre induces proliferation of the 
parenchyma; a medium titre causes the glanduler cell® to 
secrete; a high titre suppresses lactation*
6* Maximum development of the mammary gland occurs when 
a titr© of estrogen is maintained below the level required 
to Induce the secretory activities of the glandular cells*
5 Z
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Figure 1* A graph showing the curve® of lactationf
percentage of fat and percentage of solids-not-fat Curing 
the early period of lactation a 34 month old barren Jersey 
heifer injected with IB gm. of acetone dried anterior lobe 
of cattle pituitary (A* D. P.), containing 50 0* of
gonadotropic potency per gm., and 100 mg. of diethylatil- 
bestrol dipropionate (estrogen). Each period of estrogen 
treatment consisted of 10 alternate daily 5 mg. Injections.
The curves were stopped at the point la lactation period 
where they became level. Four large corpora lutea were 
found by rectal palpation at the twenty-second day repre­
sented in this graph. £
Figure 2. A graph showing the lactation curve and 
fat percentage curve of a 31 month old -castrate grade Jersey - 
heifer. Mammary gland development was induced in this animal 
by injection with 211b mg* of diethylstilbestrol dipropionate 
and 235.b mg. of testosterone during the 9-sxontli period which 
preceded lactation. The first period of diethylstilbestrol 
dipropionate (estrogen) treatment represented in this graph 
consisted of 11 alternate daily 10 mg. injections; the second 
consisted of 6 alternate daily 10 mg. injection®.
Figure 3. A graph showing the growth rate curves of 
suckling rats whose mother© were left intact. The weights 
represented in this graph were obtained by dividing the total 
weight of a given group of young by the total number of 
suckling© in the group. The weights of litters which received 
similar treatment and which survived through th© 21 days of 
the experiments were pooled and plotted as a single curve.
The weights of those litters in vthich om or more sucklings 
died before th© end of the 21-day period were plotted on 
separate curves. These curves were * stopped at the point 
where th© first member of“«FgiV©a litter died. All litters 
were reduced to 6 at parturition.
Figure 4. & graph showing the growth rat© curves of
suckling rats whose mothers were castrated at parturition.
The explanation given ror fig. 3 applies also to the curves
plotted in this graph.
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Fig. 1. Effect of acetone dried anterior pituitary and 
stilbestryl dipropionate on induction of lactation in a 34- 
sonth virgin Jersey heifer.
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Figv 2* Lactation record of a castrate grade Jersey heifer 
injected with diethyletilbestrol dipropionate
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figure 5. A photograph of the udder of a 3.5 month 
old Jersey calf before pituitary Injection was begun*
Figure 6. A photograph of the udder shown in fig. 0 
after the calf was given £.6 gm. of acetone dried anterior 
lobe of cattle pituitary, containing 50 R. 0. of gonado­
tropic potency per gnu, over a period of 14 days.
Figure 9+ A photograph of the udder of a 6.5 month 
old Jersey calf before pituitary injection was begun.
Figure 8. A photograph of the udder shown in fig. 7 
after the calf m m  given £.6 ga. of acetous dried anterior 
lobe.of cattle pituitary, containing 50 R. U. of gonado­
tropic potency per gm., over a period of 14 days. The ani­
mal came in heat 8 days before this photograph was taken 
and from Z to 15 cc. per day of milky fluid was expressed 
from the udder during the 15-day period that followed*
Figure 5 Figure 6
u
ngare T Figure 8
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Figure 9. A photograph of the udder of a 6.5 
r<;ooth old Holstein calf before pituitary injection 
was begun. *
Figure 10. A photograph of th© udd@r shoera in 
fig. 9 after the calf was given 5.4 gnu of acetone 
dried anterior lobe of cattle pituitary, containing 
50 E. U. of gonadotropic potency par gm., over a 
period of 14 d a y s .
Figure 10
Figure 11. A photograph of a 51 month old barren 
Jersey heifer which was taken on the thirty-fifth day 
of the second lactation period. This animal was 34 months 
old when the experiment which induced the first lactation 
period was begun. 1/BOX.
Figure IB. A photograph of the udder of the animal 
shown in fig. XI. Injection of 18 g®. of acetone dried 
anterior lobe of cattle pituitary, containing 5fe K. Vf• 
of gonadotropic potency per gm., had been given over a 
period of 1? days. This treatment was followed; by 8 
alternate daily 5 mg. injections of diethylstllbestrol 
&1 prop ion ate. The animal was 34 months old when injections 
were begun. 3/10X.
Figure IE
ei
figure 13* A photograph of the udder shown in 
figure IS shewing the reduction In size of the udder 
of the virgin Jersey heifer after milking was stopped* 
The animl had been milked for 8 months. The photo­
graph was taken prior to the beginning of injections 
of diethylstilbeatrol dipropionate. 3/lOX.
figure 14. A photograph of the udder of the 
virgin Jersey heifer aft©r^£3 alternate daily 5 mg. 
injections of diethylstilbestfol dipropionate over 
a period of 44 days and 11 alternate daily 10 mg* 
injections of diethylstilbestrol dipropionate over 
a period of £0 days. The udder increased in size 
most rapidly on the fifteenth day after 10 Bg. injec­
tions were begun. 3/1QX.
1 1
mm
Figure 14
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figure 15- A photograph of a 34 month old cas­
trate grade Jersey heifer 7 month® after milking was 
begun- This animal was 10 months old at the time of 
castration and 22 months old when inactions were 
begun. 1/19X-
Figure 16- A photograph of the udder of the 22 
month old castrate grade Jersey heifer before inje©^ 
tion of diethylstilbestrol dipropionate was begun*
3/10X-
Figure 17- A photograph of the udder of tim cas­
trate heifer 5 months after the first injection of 
diethylstilfeestrol dipropionate was given. Alternate 
daily injections of 5 to 10 mg- doses of this estro­
gen were givse during the first 67 days of treatment. 
During the remaining 83-day period the animal was 
gitsa simultaneous injections of 5 to 30 mg- of diethyl- 
stilbestrol dipropionate and 1 to 5 mg- of testosterone 
propionate la alternate daily doses* The most rapid 
Increase in size of the udder occurred when simultaneous 
injections of 5 rag. of diethylstilbestrol dipropionate 
and 1 mg. of testosterone propionate were given. 3/10X.
Figure 16 Figure 17
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Figure IB, A photograph of the udder of the cas­
trate grade Jersey heifer after a 9-month period of 
injection& with diathylstilbestrol dipropionate, Binv 
lag the last 7 months of this period testosterone pro­
pionate was injected simultaneously with this estrogen. 
The udder continued to Increase in size as the alternate 
daily dosage was gradually increased to 40 mg. of estro­
gen and 5 mg. of androgen, v&ea the dosage was Increased 
to 53 mg. of estrogen and, 15 mg. of androgen the udder 
became flaccid. A total of 1520 mg. of diethylstil- 
beatrol dipropionate and 236.5 mg. of testosterone pro­
pionate were given during the 9-month period. Milking 
was begun at the time this photograph was made. 3/102.
Figure 19. A photograph of the udder of the 
castrate grade Jersey heifer B month© after milking 
was begun. The milk yield was 7.4 lb. per day at the 
time this photograph was made. 3/1QX.
Figure 20. A photograph of the udder of the 
castrate grade Jersey heifer 5 months after milking 
was begun. Two months before this photograph was made 
alternate daily 10 mg* injections of disthylstllhes^xol 
diprGpion&te were ‘begun. Eleven injections w6i?e gftm 
over a period of 21 days. This photograph was made 
49 days after the last injection at which time the 
dally yield was 12.1 lb. per day. 5/lOX.
Figure 16 Figiire 19
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A^endix (contfd)
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50 2122 1522 3644 4*4 9.3B
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7 2156 1150 3306 5*8 8.99
a 2824 550 5374 £.KS 0-KJ 9.25
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16 2160 1376 3544 5*4 9*06
17 2255 1318 3567 5.7 8 *M
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12 8575 1637 40X2 5.-5 9.55
13 2402 1649 4051 5.6 9*21 10 mg. eat *
14 pop P 1584 3839 5.7 9*39
15 2415 1654 4043 P K•i.1 . V*' 9 *45 10 W;* eat*
16 2490 1588 4078 5.4 9. 58
IT 2569 145S 4021 5*1 9*42 10 mg:* eat*
18 2533 1781 4294 5.0 9.40
19 2609 1725 4334 5*6 9*79 10 »£• eat«
20 2709 1703 4416 5.0 9 .40
21 2683 1823 4809 4*5 9.15 10 mg. eat*
22 2825 1630 44SS 5*0 9.50
23 2810 1735 4565 5*1 9.52 10 * eat *
24 2894 1692 4586 4*9 9*23
25 2697 1850 4647 5.1 9.52 10 r^f. • eat *
26 8665 1720 4385 5.3 9.20
27 2551 1630 4181 r c: * k) 9.65 .10 !ur* eat*
20 2473 1854 4027 n glv* **> 9.65
29 2412 1562 5974 5.5 9*30 10 mr. ©st*
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3 2210 1442 3652 5.7 9*54
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5 2130 1458 3588 5*4 9 *58
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19 2475 1636 4111 6*0 9.29 slain 20-2620 2432 1300 5752 £.0 0*05
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24 2408 1372 3760 4.8 6*08 9 * 4525 2306 1461 3767 4.o
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